Molecular dynamics simulations of fused silica at shock pressures reproduce the experimental equation of state of this material and explain its characteristic shape. We demonstrate that shock waves modify the medium-range order of this amorphous system, producing changes that are only clearly revealed by its ring size distribution. The ring size distribution remains practically unchanged during elastic compression but varies continuously after the transition to the plastic regime. 
The densification of amorphous silica has been studied by many groups over several decades [2] [3] [11] [12] . However, only in the 1990s was it suggested that the high-density forms are unique in their structure [7, 13] . Structural changes were revealed by in situ vibrational spectroscopy measurements [14] [15] [16] and X-ray diffraction [17] . The increase in density was attributed to the rotation of the silica tetrahedra. X-ray [18] and neutron [9] diffraction, infrared and Raman spectroscopy revealed a decrease in the average Si-O-Si angle and a small increase in the Si-O bond distance [13] . Moreover, X-ray diffraction measurements [17] have shown that the characteristic first sharp diffraction peak (FSDP) associated with the mediumrange order (MRO) of these materials is significantly reduced upon densification.
The structural origin of the MRO and the dynamic behavior of silica glass at high pressures have been studied extensively using molecular dynamics (MD) simulations [9, [19] [20] [21] [22] but a completely satisfactory understanding has not yet been achieved. Recent papers have shown how the medium-range order can be manipulated experimentally [23] [24] , resulting in materials of scientific and technological interest, motivating further understanding of the features that determine this ordering.
We have used MD simulations with empirical potentials to study the behavior of fused silica under high pressure. The initial amorphous structure was generated using the interatomic potential reported in Webb and Garofalini [25] .
We present two different simulation schemes for studying the structural transformations in fused silica under high pressures, and show that they give similar P-V relationships. In one case, a shock wave is generated in a slab containing 240,000 atoms (two free surfaces and periodic boundary conditions in the lateral directions) at 300 K, through a piston, consisting of a few designated atoms at one end of the cell set to a constant velocity. This method (noted as M I ) was previously applied to the study of shock propagation in crystalline materials [26] . The shock simulation is performed typically until the shock wave reaches the free surface at the other end of the simulation box. With this method the propagation of the shock wave can be followed and its velocity measured. The results can therefore be directly compared to flyer plate experiments.
The second simulation scheme (or M II ) involves small periodic supercells containing 1,536 atoms at 300 K, that are compressed by reducing the volume of the supercell and allow for relaxations. The temperature in these simulations was kept constant at 300 K. A comparable method has been applied to study compression in vitreous silica [21] using minimization techniques.
The initial fused silica structure was obtained through a MD melt-quench technique similarly used in previous studies [25, 27] . Periodic cells in the cubic β-cristobalite structure were melted at 7000 K for 25 ps (with a MD time step of 0.5 fs). Thereafter, they were quenched down to room temperature by a series of steps.
Our starting configuration has a density of 2.205 g/cc, that is, equivalent to the experimental value for fused silica.
Using these starting configurations we applied methods I and II described above to compute the pressure-volume relationship. shock experiments is remarkable, particularly considering that the interatomic potential used was fitted only to ambient pressure and temperature conditions. It is also interesting to note the similar results between the two different types of calculations, revealing the slow dynamics and large relaxation times associated to this system. The high strain rates of our compression simulations imply that the conditions are closer to those found in shock experiments than in quasi-static experiments [6] [7] .
We can clearly identify two regions in the EOS curve in Fig. 1 In order to understand the structural changes occurring as the pressure increases, and to correlate them with the calculated EOS, we have performed a detailed analysis of the structure factor, the pair distribution function, the ring size distribution and the bond angle distribution of the system. In particular, the structure factor can be measured experimentally through X-ray or neutron diffraction and can provide important information about the medium-range order of amorphous materials. comparable to previous studies [9, 22] , none of these changes reveal clearly the transition between elastic and plastic regimes, as seen in the EOS.
The total structure factor shown in Figure 2 is a linear combination of the SiSi, Si-O, and O-O partial structure factors (PSF). It is thus instructive to study the evolution of these PSF with pressure. We find that the Si-O and O-O short-range order is only slightly changed with pressure, however the pre-peak in both cases follow the same trend as in the total structure factor, i.e. moving out to larger q-values with diminishing intensity. A more interesting and unique behavior is observed in the Si-Si PSF, where the pre-peak and the first peak are merged together and eventually only one peak is observed, as shown in Figure 3 Although significant changes in the structure are observed during increasing pressure, the average ring size for silica glass is still 6, since it preserves the tetrahedral structure. by Vashishta et al. [20] . It is interesting to note that this change from a single peak to a double peak seems to occur in the elastic to plastic regime, although it is hard to identify clearly the point of transition.
The above analysis shows that the behavior of the EOS can be explained by the changes observed in the ring size distribution and that these changes are not clearly reflected in other characteristic parameters, such as the intensity of the FSDP or its width. Both of them decrease continuously with pressure even during the elastic regime, where we find no variations in the ring size distribution. Therefore, the origin of this peak cannot be related only to the total number of rings present or its distribution.
In summary, we have investigated the behavior of an amorphous system, fused silica, under pressure using atomistic simulations. Our MD simulations of both dynamic shock loading and continuous compression at constant temperature reproduce the equation of state of flyer plate experiments. The transition between elastic and plastic behavior is correlated to changes in the ring size distribution of this amorphous system, and is not clearly reflected by other parameters such as pair correlation function, structure factor or bond angle distributions. Therefore, these revealed by a decrease in 5-and 6-member rings at high pressure that compensates with an increase of both smaller and larger rings.
